ABSTRACT: An experiment was conducted to increase the quality of rice bran by fermentation using Bacillus amyloliquefaciens and humic substances and its utilization as a feed ingredient for broiler chickens. The experiment was carried out in two steps. First, the fermentation process was done using a completely randomized design in factorial with 16 treatments: i) Dosage of B.amyloliquefaciens (2.10 8 cfu/g), 10 and 20 g/kg; ii) Graded levels of humic substances, 0, 100, 200, and 400 ppm; iii) Length of fermentation, three and five days. The results showed that the fermentation significantly (p<0.05) reduced crude fiber content. The recommended conditions for fermentation of rice bran: 20 g/kg dosage of inoculums B. amyloliquefaciens, 100 ppm level of humic substances and three days fermentation period. The second step was a feeding trial to evaluate the fermented rice bran (FRB) as a feed ingredient for broiler chickens. Three hundred and seventy-five one-day-old broiler chicks were randomly assigned into five treatment diets. Arrangement of the diets as follows: 0%, 5%, 10%, 15%, and 20% level of FRB and the diets formulation based on equal amounts of energy and protein.
INTRODUCTION
Rice bran is one of the most abundant agricultural byproducts in rice-based agricultural countries such as Indonesia and has the potential as a feed ingredient. However, its utilization especially for monogastric animals is limited. Inclusion of rice bran at more than 7.5% (normal level) in broiler ration reduced performance (Tangendjaja, 1993) . The limitation of its use was due to its high fiber content, low protein and antinutritional factors such as phytic acid. The previous researchers had attempted to use different techniques, such as fermentation (Wizna et al., 2012) , enzymes supplementation (Tirajoh et al., 2010) and inclusion of the fermented product (Tangendjaja, 1993; Kompiang et al., 1995) in increasing rice bran utilization for poultry feed.
In the present study, a fermentation technique was used in an attempt to improve the quality of rice bran as it is simpler and can be carried out on small farms. Bacillus amyloliquefaciens was used as the inoculum, since it had been reported to produce various enzymes such as α-amylase, α-acetolactate, decarboxylase, β-endoglucanase, hemicellulase, phytase, maltogenic amylase and xylanase which possess a potential to degrade fiber (Anonymous, 2012; Diaz, 2008; Wizna et al., 2007) . Bacillus amyloliquefaciens effectively reduced crude fiber (CF) from tapioca by-product (Wizna et al., 2009 ) and rice bran (Wizna et al., 2012) . Furthermore, the humic acids or substances, a class of compounds resulting from the decomposition of organic matter, particularly plants and animals in the soil, pith and lignite have been reported to stimulate the growth of micro-organisms (Huck et al., 1991) . Therefore, the objective of this experiment was to improveusing Bacillus amyloliquefaciens and humic substances, and to evaluate the feeding values this fermented rice bran (FRB) in broiler chickens.
MATERIALS AND METHODS

Fermentation
Bacillus amyloliquefaciens was obtained from the Department of Animal Feed and Nutrition, Faculty of Animal Husbandry, The University of Andalas, Padang Indonesia. It was isolated from pit soil and swampy areas by Wizna et al. (2007) . The bacteria were grown on nutrient agar (Difco) and slanted at 37°C for 24 h. The fully grown slants were stored at 4°C.
Inoculums were prepared as follows: fifty (50) mL of nutrient broth placed into a 250-mL Erlenmeyer flask was inoculated with a loop full of cells from a 24-hour-old slant and kept at 37°C in a rotary shaker. After 18 h of incubation, the culture was then absorbed in wheat flour and dried in a hot air oven at 60°C. The dried wheat flour was then used as inoculums. By serial dilution and plating, the number of viable colonies in the inoculums was found to be 2.10 8 cfu/g.
Humic substances from pith soil were extracted in sodium hydroxide and hydrochloric acid (Kompiang and Supriyati, 2007) . Pith soil was added to sodium hydroxide 20% w/v, the sedimentation and filtration separated the supernatant. The supernatant obtained was acidified with hydrochloric acid to below pH 2, and a black precipitation of humic substances occurred. Then the humic substances were separated by sedimentation and filtration, washed with acidified water (pH 2) and air dried at room temperature.
Solid-state fermentation was carried out as described by . The experiment used a completely randomized design in factorial with 16 treatments: i) Dosage of inoculums B. amyloliquefaciens (2.10 8 cfu/g), 10 and 20 g/kg; ii) Graded level of humic substances, 0, 100, 200, and 400 ppm; iii) Length of fermentation, three and five days. Each treatment was carried out at five replicates. Crude fiber content was analyzed at the end of the fermentation period according to AOAC method (AOAC, 2005) . The proximate analysis and total microbe count were done only on the lowest crude fiber content of FRB used for the feeding trial.
Experimental design, animals, housing and diets
The experimental conditions and animal procedures were handled in accordance with guidelines described by the Chicken Laboratory Program at Indonesian Research Institute for Animal Production. Three hundred and seventy-five one-day-old broiler chicks of the Arbor Acres strain were purchased from a commercial hatchery on the day of hatching and were randomly distributed into five groups, assigned to each experimental diet. Each group was subdivided into five replicates of 15 birds each. Birds were housed in an open-sided type construction of concrete and divided into pens. Each replicate was allocated to 1.50×3.00 m pen with a solid concrete floor covered with rice hulls and the birds were raised in a litter system. Each pen was equipped with two hanging plastic feeders and two hanging plastic waterers. Waterers were washed and water supply through waterers was changed every day. Light was provided by brooder lamps for 24 h per day during the first three weeks and a lighting program of 18 h for remaining weeks. Uniform management and vaccination schedules were followed for all birds.
The arrangement of experimental diets based on cornsoybean was as follows: 0%, 5%, 10%, 15%, and 20% level of FRB (Table 1 ) and the formulation of diets based on an equal amount of energy and protein (NRC, 1994) . Feeding trials were conducted for 35 days. Feed and water were given ad libitum. Birds were weighed on day 1, 21, and 35, two hours after feed withdrawal. Feed consumption and conversion ratios were measured on 21 and 35. Mortality was recorded daily.
Chemical analysis
Ingredients and treatment diets were analyzed for dry matter, crude protein (CP), gross energy, crude fiber, crude fat, calcium and phosphorus. Dry matter was determined by drying at 135°C for 2 h (method 930.15, AOAC, 2005 
Statistical analysis
The data from the fermentation and the feeding trials were subjected to analysis of variance (Campbell, 1967) and the general linear model procedure of SAS (SAS Institute Inc., 2002), correspondingly. Differences between means were determined by Duncan's multiple range tests at significant level of p<0.05. Orthogonal polynomial contrasts were used to examine the responses (linear and quadratic) of increasing inclusion levels of FRB in the diets (SAS Institute Inc., 2002). Table 2 summarizes the effects of fermentation on crude fiber content. Overall treatment had a significant (p<0.05) effect on the fiber content of rice bran. The levels of B. amyloliquefaciens added as inoculum during fermentation significantly (p<0.05) affected CF content. At the lower level (10 g/kg) the CF content decreased from 10.62% to 8.77% or a decrease of 21.08% and at the higher level of 20 g/kg the CF content decreased more sharply (p<0.05) to 7.96% or a decrease of 33.40%. The length of fermentation showed no significant difference (p>0.05) between three and five days. Crude fiber content before fermentation was 10.62% and it decreased by 21.20% after fermentation, dropping to 8.37% after three days and by 21.25% to 8.36% after five days. The addition of humic substances significantly (p<0.05) affected the reduction of CF content. The reduction of CF content without the addition of humic substances was 17.09% from the initial level to 8.81%. This reduction was significantly (p<0.05) less than the reduction of 22.10%, 23.45%, and 22.25% to 8.27%, 8.13%, and 8.26% with the addition of humic substances of 100, 200, and 400 ppm, respectively. There was no difference between these levels of humic substances (p>0.05). Significance effects: microbes = S, humic substances = S, length of fermentation = NS, microbes×humic substances = S, microbes× length of fermentation = S, microbes×humic substances×length of fermentation = NS (S = significant, NS = non significant at p<0.05).
RESULTS
Chemical composition of fermented rice bran
Interaction between the length of fermentation and microbial level was not significantly different (p>0.05), meaning that the treatments did not influence each other. The interaction effect between the length of fermentation and humic substances supplementation was also not significant (p>0.05), indicating that both treatments were not mutually influenced. There was a significant (p<0.05) positive interaction effect between B. amyloliquefaciens and humic substances levels, indicating that the effect of the addition of microbes was influenced by the addition of humic substances and vice versa. These data showed that there was a synergism between the two treatments. Table 3 shows the nutrient composition and total microbes of the FRB in the fermentation conditions which had the lowest CF content FRB. The CP, gross energy and phosphorus contents increased after fermentation.
Growth performance
There was no disease and mortality interference recorded during the experiment. Table 4 shows the growth performances of broiler chicks fed different levels of FRB.
There was a significant difference (p<0.05) in feed consumption of broiler chickens between treatments and increasing inclusion levels of FRB increased (quadratic, p<0.01) feed consumption in the first three weeks and the remaining four to five weeks of the feeding trial. Birds fed the diets containing 20% FRB had greatest (p<0.05) feed consumption among dietary treatments.
Bodyweight gain (BWG) of chicks fed experimental diets reduced linearly (p<0.0001) with the increase of FRB inclusion at the levels from five to 20% during the three weeks of the feeding trial. In the finisher period, 22 to 35 days old, there were no significant (p>0.05) differences among all treatments. Overall, from the age of one to 35 days, there was a significant linear decrease (p<0.01) in BWG with the increase of FRB inclusion. Birds fed with 20% FRB diet had the lowest BWG (p<0.05).
Furthermore, increasing inclusion levels of FRB increased (linearly, p<0.0001 and quadratic, p<0.01) feed conversion ratio (FCR) at the first three weeks of the feeding trial. From the age of 22 to 35 days, there was also a significant difference (quadratic, p<0.01) in FCR among the treatments. Birds fed the diets containing 20% FRB had greatest (p<0.05) FCR value among dietary treatments. Chicks fed with 15% FRB diet had a better FCR value compared to those birds fed with other inclusion levels of FRB diets. Overall, from the age of one to 35 days, the increasing inclusion levels of FRB increased (quadratic, p<0.01) FCR values. The improvement of FCR values of chicks during the feeding trial fed with 15% FRB was 8.72%, 16.92%, 27.69%, and 34.36% compared to those of chicks fed with 0%, 5%, 10%, and 20% FRB diets, respectively. The best FCR value obtained from the birds fed the diets containing 15% FRB at the period of 22 to 35 days.
DISCUSSION
The chemical composition of fermented rice bran
The decrease of CF in rice bran inoculated with B. (Priest et al., 1987) , β-endoglucanase and β-exoglucanase (Wizna et al., 2007) . These enzymes are able to transform complex molecules, particularly lignocelluloses, which are the limiting factors in animal feed, into simpler molecule components.
The recommended dosage of 20 g/kg B. amyloliquefaciens as an inoculum used in this study was lower than the dosage as reported by Wizna et al. (2009) who found that the optimum level of B. amyloliquefaciens as an inoculum to improve the quality of cassava waste was 60 g/kg. The difference in the dosages could be due to the number of spores used and it also might be due to humic substances supplementation. Data presented in Table 2 indicated that the humic substances stimulated the growth of microbes or the production of cellulase enzymes. The mechanism of humic substances on the growth of B. amyloliquefaciens was not clearly known. Mirnawati et al. (2010) reported that the addition of 200 ppm humic substances to the fermentation of palm kernel cake by such microorganisms as Aspergillus niger gave an improvement of protein and a decrease of crude fiber. Huck et al. (1991) reported that humic acid stimulated the growth of microorganisms. Some hypothesized that the increase might be due to its cell wall permeability, so that the transfer of nutrients to the sphere of cell would be better, which would result in better growth. In addition, humic substances contained various minerals, both macro and micro, which were probably essential nutrients for microbes. Wizna et al. (2012) reported that the addition of mineral (zinc and sulfur) and urea in the fermentation of rice bran using cellulolytic bacteria B. amyloliquefaciens as an inoculum improved substrate characteristics and its microbial population.
Fermentation with B. amyloliquefaciens reduced CF content but there was no difference in the time of fermentation. From this experiment, it could not be explained why CF did not decrease further with the increasing fermentation period. It may have been due to a balance between the degradation and synthesis of CF in the form of microbial cell walls in the rice bran.
After fermentation, the CP content increased from 12.1% to 13.4%. In contrast with the previous study of , who reported that a considerable increase in protein after the fermentation of cassava waste. This difference was most likely due to differences in the fermentation conditions, namely the addition of inorganic nitrogen sources such as urea or ammonium sulphate to the fermentation medium in the experiment of . In the present experiment, there was no additional nitrogen source. The increase in protein levels obtained in this experiment was likely due to decreasing in the levels of other nutrients, especially fermentable carbohydrate such that proportional protein content increased.
Growth performance
The differences in feed consumption during the first three weeks could be due to the different levels of FRB in the diets. These differences gave different levels of CF among all diets (Table 1) , resulting in different CF consumption. As reported by previous studies, increasing CF content in the diets increased feed consumption of broiler chickens. Gonzalez-Alvarado et al. (2007) reported that the feed consumption of broiler chicks fed with diets containing different levels of CF (2.5% up to 3.4%) differed significantly during the 14 to 21 days. Jimenez-Moreno et al. (2010) reported that additional 3% oat hull (4% CF in the diet) improved feed intake in young chicks fed with low fiber diets (2.5% CF in the diet). Mateos et al. (2002) reported that the inclusion of fiber in the diet (below 5%) might be of benefit in terms of nutrient digestibility and growth performance in broilers. The increase feed consumption in the presence of FRB in the diets compared to the control, except for treatment of 15% FRB diet, might also due to a more acceptable flavor after fermentation. In addition, fermented products were more palatable compared to the original materials as fermentation could produce preferred flavors and water soluble vitamins such as B1, B2, and B12 and minerals (Kubad et al., 1997) .
The different level of FRB in the diets and the corresponding different CF content also affected the BWG in the first three weeks but did not affect the BWG in the finisher period. Gallinger et al. (2004) demonstrated that increasing the level of rice bran in diets from 10% to 20% decreased BW of birds at day 21 due to the increase CF content from 3.20% to 4.96%. But the BW of broilers at day 35 was not significantly different between chicks fed with 10% and 20% rice bran diets. Gonzalez-Alvarado et al. (2008) found that the inclusion of fiber, if its content was more than 3.5% in the diet, affected the BWG of chicks during the first three weeks.
The best of FCR values in this trial were obtained with the inclusion of 15% FRB in the diets during the period of 22 to 35 days. This value was lower compared to a previous trial (Tangendjaja, 1993) who obtained a FCR value of 2.04 with Arbor Acres broiler chickens fed with a normal level of rice bran during the finisher period under Indonesian conditions. The highest FCR value in chicks fed with a 20% FRB diet might be due to its CF content, as the CF content was higher than 4% compared to other levels of FRB in the diets. Similar results were reported earlier where increasing the inclusion of rice bran, resulting in the increase CF contents and decreased the FCR values. Gonzalez-Alvarado et al. ( 2007) found that the inclusion of moderate amounts of fiber in low fiber diets (CF content was less than 3.5%), improved FCR of early age chicks by reducing gizzard pH and improving the utilization of nutrients. Gallinger et al. (2004) reported that the inclusion of 10% rice bran in the broiler diet gave better FCR value compared to those containing 20% rice bran and control diets. Bidura et al. (2012) found that ducks fed 20% fermented rice bran using Saccharomyses cerevisiae as the inoculum had a higher FCR compared to those fed 10% fermented rice bran in their diets due to the difference of CF contents. Kompiang et al. (1995) reported that the inclusion of rice bran at 21% in diets supplemented with Cassapro (protein enriched cassava) provided a better FCR value compared to the control and 42% of rice bran diet.
Furthermore, the increase of the FRB in the diets increased the crude fat contents among all diets (Table 1) , resulting in different crude fat consumption. These differences might affect the performances of the birds in the feeding trial. Chae et al. (2002) demonstrated that the increase of crude fat consumption depressed the birds performances. The chicks fed a diet containing defatted rice bran grew faster with increased feed intake compared to those fed diets containing fresh rice bran during the finisher period, even though there was no significant difference in growth performance during the starter period.
In Table 1 , the analytical results for CP and metabolizable energy (ME) contents in the diets, were not equalized. These differences in contents might due to the sample uniformity and variability in measurement. The coefficient of variation (CV) values according to Horwitz equation (AOAC International, 2012) for the CP contents was 0.95 (<1.3 means acceptable) but the ME contents was 2.30 (>1.30 means not acceptable). The different of ME contents between all diets (<70 kcal/kg) would not affect the performances of broiler chickens during this feeding trial. Olomu and Offiong (1980) found that the different protein (20% and 23%) and energy levels (3,000 and 3,200 kcal/kg) in the diets did not affect the performance of broiler chickens in the tropics.
It is difficult to explain why the highest FCR value was obtained in chicks fed with 20% FRB diet. Increasing the amount of FRB up to 20% of the diet might be attributable to antinutritional factors in the rice bran. Rice bran contains high amount of oil resulting in the growth of rancidity and some antinutritional factors, i.e. phytic acid, which depress poultry performance. Chae et al. (2002) reported that the chicks fed a diet containing defatted rice bran grew faster with increased feed intake than those fed diets containing rancid rice bran at the finisher period. However, in the present trial the feed consumption increased with increasing the inclusion levels of FRB, which indicates that an increase of rancidity in the diets did not occur. According to Tirajoh et al. (2010) that the addition of the enzyme phytase in the basal diet containing 30% of rice bran improved feed efficiency of the bird. Since the phytic acid decreased 97% during rice bran fermentation process with B. amyloliquefaciens as the inoculum (Wizna et al., 2012) due to the enzyme phytase activity, therefore, the effect of phytic acid would be a negligible in this feeding trial.
In term of FCR values, 15% FRB diet was better than the other diets at 22 to 35 days. There was an improvement in FCR values (29.41%) of chicks fed with 15% FRB compared to those of chicks fed without FRB in the diet. This FCR improvement might be also due to the presence of B. amyloliquefaciens in FRB, enhancing the availability of nutrients and making them more readily absorbable. Bacillus amyloliquefaciens produces enzymes, mainly protease and amylase, breaking down complex carbohydrates and proteins to be used as a source of energy or as structural compounds in animal reproduction. When Diaz (2008) supplemented B. amyloliquefaciens CECT 5940 at a dosage of 10 6 cfu/g of feed to broilers, the FCR value was better than that of the control (1.84 vs 1.94). reported that FCR of groups fed with B. amyloliquefaciens tended to improve compared to the control group. Melegy et al. (2011) reported that Bacillus subtilis supplemented group showed a significantly better FCR compared to that of the birds in the control group. Furthermore, the FCR improvement might be due to the characteristic of humic substances. The previous researchers (Karaoglu et al., 2004; Kompiang and Supriyati, 2007) reported that the addition of humic acid to broiler chickens diet improved the FCR values. The improvement of FCR might be related to the characteristics of humic acids, such as improving gut health for better nutrient and trace element utilization and increasing digestion of protein.
Another factor could be due to a growing population of non-pathogenic microbes in the gut improving the chickens' performance .
There was no mortality recorded during the experiment, indicating that the FRB containing B. amyloliquefaciens and humic substances most likely had no toxic factors. The B. amyloliquefaciens acted as a probiotic (Wizna et al., 2007; Diaz, 2008) . El-Husseiny et al. (2008) reported that the immune response of the chicks fed with diets containing pro/prebiotic products was higher than those fed with diets containing natural mineral clay products as an alternative to antibiotic growth promoters. Islam et al. (2005) reviewed that humic acid had many beneficial effects as antibacterial, antiviral and anti-inflammatory in animals, improved the immune system and stress management, and reduced odor in faeces. It also had a positive effect on the liver functioning, ultimately reducing mortality and increasing growth in poultry.
In conclusion, the nutritional value of rice bran could be improved by fermentation using B. amyloliquefaciens and humic substances, with the recommended conditions being 20 g/kg dosage of inoculums B. amyloliquefaciens (2.10 8 cfu/g), 100 ppm level of humic substances and three days fermentation period. The utilization of FRB as a feed ingredient for broiler chickens could be included up to 15% of the broiler diet.
